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1. Introduction
System performances with non-zero transmit power ABS has been extensively studied by RAN1 for macro-pico scenarios, where a clear majority of companies showed that non-zero transmit power ABS provides significant performance benefits to the ABS feature. RAN1 therefore concluded on signalling support for non-zero transmit power ABS and signalling details were to be further studied [1]: 

· Reduced non-zero transmit power on DL unicast control and data transmissions in ABS is needed

· Detailed signaling is FFS

A proposal on making a working assumption on signalling details could not be agreed at RAN1#68 with references by objecting companies to ongoing discussions in RAN4 on base station transmitter EVM aspects on reduced power subframes that may impacted the proposed working assumption [2]:
· Ratio of PDSCH EPRE to RS EPRE value for the reduced power ABS is configured with higher layer signaling at least for TM 1 to 6
· FFS: TM 7 to 9
In the LS [3] from RAN4 it was indicated that less impact of base station transmitter EVM can be expected for low power ABS (LP-ABS), where the power on all data REs is reduced, when compared to a full power subframe:
· When the power on a large fraction of the REs is reduced the total output power will be reduced as well. This will cause less clipping noise and less degradation on the RE with power reduction
RAN4 concluded that they will not be able to work on new requirements on LP-ABS within Rel-11 time frame so the power reduction in LP-ABS that RAN4 could guarantee then refers to the current RE power control dynamic range requirements with the MCS restriction specified for full power subframes. RAN4 further stated that:
· For Rel-11 BSs, further power reduction than the minimum dynamic range requirement can be considered as vendor implementation capability required by operator
Based on the RAN4 inputs, performance evaluations with MCS restrictions, or with transmitter EVM modeled, were provided and discussed at RAN1#69. A way forward [4] supported by a clear majority of companies proposed to agree on the working assumption from RAN#68 but no agreement could be reached. 
In this contribution we continue the performance evaluations and comparisons with and without signalling of a second set of downlink power allocation parameters in accordance with chairman’s guidelines; Evaluations should:
· include at least one set of results according to the Rel-8 EVM levels, and 

· compare the performance with and without signalling of a second set of power offsets  
2. Discussion
Scenarios
The simulation set up considered in this contribution is in line with [5], where baseline simulation parameters for macro-pico deployments follow from TR 36.819 and TR 36.814. User throughput performances are evaluated for scenarios with 4 pico’s per macro cell area and with ITU channel modeling where all UEs are dropped indoor in accordance with configuration 1. Furthermore, non-full buffer traffic modeling and TM4 are considered, and realistic channel estimation is modeled for serving cell whereas ideal IC of strongest neighbor cell is assumed. LP-ABS ratios are optimized for each scenario based on cell edge user throughputs. 
In all simulations the transmit power reduction will be the same as the CRE and transmitter EVM is in accordance with Rel-8 requirements, where the effective noise power due to transmitter EVM is modeled as described in [6]. 
Performance comparisons will be considered for the following three different cases of macro UE configurations:
· Case 1: Macro UEs are configured with a single set of downlink allocation parameters for data reception in either low power (LP) or high power (HP) subframes.  In this case, macro UEs with geometry below X dB will be configured for data reception in HP subframes.
· Case 2: All macro UEs are configured for low power reception in all subframes.
· Case 3: All macro UEs are configured with two sets of downlink power allocation parameters for reception of data in both HP and LP subframes (i.e. LP-ABS with all data REs reduced with same amount of power).
In Case 1 UEs with geometries equal or above X dB will thus be scheduled in subframes with reduced transmit power whereas macro UEs with geometries below X will be scheduled in HP subframes (non-ABS). UEs configured for reduced data power reception could in principle be scheduled in all subframes but would then compete with UEs configured for data reception in HP subframes only. Furthermore, if reduced transmit power is only considered in a few RBs of a fully loaded subframe the average output power of the BS will be close to its maximum output power, for which transmitter EVM may degrade the performance significantly [3].
In Case 2 all subframes in a pico cell can be seen as protected and all UEs can be scheduled in all subframes. However, since physical signals and non-unicast channels are still transmitted with maximum power by the macro cells, pico UEs would need to handle corresponding interference followed by cell range expansion operations. It can be noticed that in both Case 1 and 2 there will be no specification impact as long as the transmit power is not reduced more than 6dB. In Case 3 there will evidently be a specification impact even if the transmit power is not reduced more than 6dB as such macro UEs would need a second set of power offset parameters 
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for being able to demodulate data and deriving CSI feedback properly in both LP and HP subframes. 
It can be noticed that 
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are not needed for demodulation of data when MCSs are restricted to QPSK only, but 
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 would still be needed for UEs to derive CSI feedback properly.
Performance comparisons
In figure 1, we compare the cell edge and median user throughputs for the scenarios discussed in section 2.1 for a cell selection offset of 9dB, and where the threshold X equals to 1, 5, 12 and 20 dB are considered for Case 1. From this figure we observe that Case 3 outperforms both Case 1 and 2 in basically all system loads. However, at excessive loads (e.g. in scenarios with 100% RU like full buffer modeling) the performance differences diminish.

Observation 1: For served traffic up to around 20 to 25 Mbps/Macro cell area, introducing a second set of power offsets significantly improves both the cell edge and median user throughputs.
Observation 2: At excessive system loads, potentially leading to substantial outage and system operation instability, the performance differences with and without a second set of power offsets diminish.
We also observe from figure 1 that Case 1 with X=1dB and Case 2 provide the overall best performances among the considered configurations without a second set of power offsets. Reducing the power for all macro users (Case 2) seems however not particular realistic in a real network so Case 1 with X=1 dB would be of more practical use. 
In table 1 the corresponding cell edge macro and pico user throughputs are shown for a served traffic of 20Mbps/Macro cell area. Also shown are the selected LP-ABS ratios and the ratio of macro users scheduled in HP subframes.  As can be observed from this table, a large LP-ABS ratio evidently benefits the cell edge performance of the pico users and a large ratio of macro users being able to be scheduled in HP subframes will evidently benefits the cell edge performances of the macro users. With a second set of power offsets, the pico users would still benefit of substantially reduced macro cell interference and at the same time the macro users would not take the penalty of a significant performance loss. This can also be seen from figure 2 where the median pico user throughputs are almost unaffected for served traffic up to around 20 Mbps/Macro cell areas while the macro user performances are significantly improved.
Observation 3: By introducing a second set of power offsets, significant macro user throughput gains are obtained while pico users can still benefit from substantially reduced macro interference followed by larger LP-ABS ratios.
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Figure 1 Cell edge and median user throughput performance [Mbps] at different traffic loads. Case 1 (LP-ABS, HPsubf.geom < X dB), Case 2 (LP-ABS, Macro only LPsubf), Case 3 (LP-ABS) 
Table 1 Cell edge performance at served traffic of 20Mbps/Macro cell area 
	Scenario
	Macro
[Mbps]
	Pico
[Mpbs]
	LP-ABS ratio
	Ratio of macro users scheduled in HP subframes

	Case 1 X=1dB
	1.0
	3.6
	85%
	5%

	Case 1 X=5dB
	1.1
	3.1
	70%
	20%

	Case 1 X=12dB
	1.7
	1.9
	50%
	50%

	Case 1 X=20dB
	2.4
	1.4
	35%
	85%

	Case 2
	0.9
	3.9
	100%
	0%

	Case 3
	2.5
	3.8
	80%
	100%
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Figure 2 Median user throughputs for macro users (left) and pico users (right)
Signalling support for non-zero transmit power ABS

Based on the comparison above, it is evident that a second set of power offsets will significantly improve the macro user performance while pico users experience large performance benefits of substantially reduced macro cell interference. This conclusion still holds when taking Rel-8 transmitter EVM levels into account as well as when restricting the MCSs to QPSK only though a gain of approximately 20% can be seen by not precluding 16QAM [7].
As pointed in section 2.1, even by restricting the MCSs to QPSK only, the second set of power offsets,
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, would still be needed for UEs to properly derive CSI feedback when configured with resource-restricted CSI measurements with subframe sets 
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, i.e., two CSI reports for reflecting the radio conditions in LP and HP subframes.
The following are proposed for non-zero transmit power ABS with all data REs reduced with same amount of power:
Proposal 1:  Higher layer signalling of a second set of downlink power allocation parameters
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Proposal 2: Associate the second set 
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 with one of the subframe sets, 
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3. Conclusion
In this contribution, system performance gains obtained by introducing a second set of downlink power allocation parameters for LP-ABS operations were evaluated for a range of served traffic scenarios. Following observations and proposals were made:

Observation 1: For served traffic up to around 20 to 25 Mbps/Macro cell area, introducing a second set of power offsets significantly improves both the cell edge and median user throughputs.

Observation 2: At excessive system loads, potentially leading to substantial outage and system operation instability, the performance differences with and without a second set of power offsets diminish.

Observation 3: By introducing a second set of power offsets, significant macro user throughput gains are obtained while pico users can still benefit from substantially reduced macro interference followed by larger LP-ABS ratios.
Proposal 1:  Higher layer signalling of a second set of downlink power allocation parameters
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Proposal 2: Associate the second set 
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 with one of the subframe sets, 
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